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© Method and system for compensating for paper shrinkage and misalignment in 
eiectrcphotographlc'colbr printing. 



fe; A method and system for cojitrolllng the aPgnnhent and registration of color imases such as those ol cyan, 
yellow, maigenla, and black (C. Y. M. K) which are successively printad on a photoconductlve drum (30. 76) and 
then transferred from th© dfum to paper (44) during electrophotographic color prtnUng. Each su^ccessive color 
image printed on paper Is fused (30, !3a) therein, and then verfeal, horizontal and angular error signals are 
generated (56) after each fusion (3iB, 38). "mesb error signals nepij^sent the difference between an original image 
refore'r)ce position and the image position after each color imagpt ifusion Into the paper. These error signals sre 
then processed (60, 62) in a dosed loop feedback controi systernlln such a manner as fo control (104, 102. 98) 
the position and scan rate of a laser beam (SB) being projectejd onto the photoconductivo dnjm (30, 76) to 
thereby cause the ne>rt-printed color image to be aligned with th^j previously printed color image. In this rrianner^ 
the electro-optical control of each successively printed latent imaga formed on the photo<^onductlve drum (30, 
76) Is responsible for the above alignment arvd paper correction without risquirlng complex mechanical schemes 
to accomplish same. 
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Technical Reld 

.This invention iBlates gendfally to registration compbns^tiort methtxis for paper shrinkage and paper 
positJOTi fnis'alignment in electfophotog'raphic (e.g, (aeer), printed ^nd mord partlcLlarfy to woh methoci? 
using closed loop feedback control and a novel system for impJdmeminQ such control. 

BACKGROUND OF THE INVENTION 

tn the field of electfophotographic color printing, prfor ^irnethods of rBconstructing a color image hav& 
employed processes wharein a series of single color Images lare first written and developed irt seciuence on 
a photooonductlve memtter and then transferred from the phitoccnductJve member via a transfer member, 
such as a transfer belt or trensfor drutn, to a print media, such as paper The primaiy colors of cyan, yellow, 
magenta and btack (C, Y. .M, and K) are commonly used in f^jser prlntere for this purpose* and the 0, Y, M, 
and K images are superimposed one upon another on paper fo form a compoeitd color image which is then 
fused or fixed into the pafper. This type of etectrophologropl^iiq or laser printing process is disclosfed arxJ 
claimed in co-pending U.S. Patent application Serial No. 515,946 of C. ^. Chan at al ftied April 27. 1990. 
and in a corresponding European patent application ctaimnig priority thereto, assigned to the present 
assignee and incorporated herein by reference. | 

In comparison to the Well developed monochromatic image development aruj transfer processes in the 
field of electrophotography wherein a single black and v4lit^ image is first fomied on a photoconductive 
drum and then transferred in a singjla pass process and fosed into the paper, this type of multiple color and 
multiple pass electrophotographic printing proce^ presents imany completely new and different technical 
problems and challenges > to Workers in this relatively new ahd rapidly devek^ping art. More particularly, 
instead of having to bo concerned With only the transfer of % single Color irnag^ from a photoconductive 
drum by a transfer drurii to papeir a(hd fused therein, there] are instead now four color images of cyan, 
yellow, magenta arxJ black in this multiple color-multipte paiS^ process that have to be transferred from tfie 
photoconductive drum via the transfer medium to the paper. These requirements greatly increasia the 
complexity Of the overall color printing process as a result ol the multiple image cotor development, cofgr 
mbdng and the handfing of the four (C. Y. M, arid K> non-fusid wet toners at one time which is involved in 
the atx)ve color Image superimposit'on processes. H 

Previously, color and multiple image electrophotographic jjprocesses have been developed wherein the 
abtrve priffiary color images are fused or fixed Into the printf medium before a subsequent primary color 
Image Is superimposed thereon. Examples of such processes are disclosed in U.S. Patent No, 4,7B3,6ei 
issued to Tanaka et al and in U.S. Patent No. 4J99.Q85 issijUl to Koike et aJ. both assigned to Canon of 
Japan. However, these prior systems are rather compleM m^elchanically and neither of these prior systems 
provide for paper shrinkage eompenSalion during the media -^sion process ther^n. In addition, the paper 
registration compensation iprocess disclosed in Koike et afiuls. Patent No. 4.7te.0d6 employs mechanical 
means rather than electronic image corrtrof corhpensation f^r the. subsequently printed images, thereby 
maWhg its registration accuracy less than comptetely reliable! in all' cases. In addition, the construction of 
the apparatus in Koike etial is inherently more expensive tha 
the present invention to be descn bed herein, 

Brief Descriprtion of the Invention 



I the image control compensation system of 



inyentfon Is to provide a new and Improved 
overall process comploxity of thg multiple 



il009 



Pafle 2 of 1fl 



The general purpose and principal object of the present 
electrophotographic color printing process wherein the abov 

color image development and color r^ixing has bean greatiy ^duced> thereby improving the resultant print 
quality and resolution of the printed color Image while signlflcajrtiy reducing the cost of the process. 

To accomplish tills object and purpose, there has beeh'ctevelopeda new and improved color printing 
process wherein images of each of [the above cyan, yellow, magenta and black colors are developed 
serially on a photoconductive drum, then sg'paratety trarisferrep to paper where they are Individually fused 
or fixed before a second (Y), tiiird (M), arid fourth (K) color! iriiages ar© proeessod in a like manner. In this 
process, each successive color image is brought into -predtsel alignment with the preceding Image or 
images. In ttiis manner, the novel muftiplB pass color prfmirig !process desdritied herein is reduced in color 
image devekipmaht and color mixing complexity tq one fnc^e resembling current state-of-the-art single 
image electrophotographic printing procesSi^s- That is, each sJucc&ssive color* image which is developed in 
accordance with the present invention is printed and fixed. !on!fa dry paper instead of a just^developed wet 
paper. This feature in turn greatly reduces the overall process complexity' of the present method and 
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trhpart^ to ft charactBristics more closely resembling present day monochromatic imaoe forming processes. 

Each successive fixing or fusing of the separate col^ images fnto the paper as described above may 
cause the pdpdr lo shrfnk In both the horizontal aad verfi|Cal dimensions. In addition, tha movement of the 
paper past the Image transfer drum multiple times during the corhposfte color image forming proce^ can 
cause pape^ misalrgnmisht and shihing ih all Of theihorl^oijital, vertical and angular directions with respect to 
ihe direction of paper motion. Accordingly, compensation for these po£rtionai errdrs is provided in 
accordanfce with the preisent invention and is rtt&de .poisstbte and practical by the provision of a hovel closed 
looped error corret^on ;method and appdjatu's. Using this apparatus and method* directional errors in all of 
the atiove horizontal, vertical and angular dimensions and positions are corrected In preparation for each 
imege-cn-image euperirhposition on the paper after ^each eucce^ive fusing thereof. 

Accordingly, another object of this Invention |^ to (srovide a new and improved multiple pas® elec- 
trophotographic color printfng process of the type jdescn'bed wherein nea^r perfect alignment and registration 
provided for each successively printed Imagji withj| the (sreviousfy printed errd fueed im&goe. To 
accomplish this object and purpose, there has ;bpen aavekjped a new and Improved method of elac- 
trophotogiraphic color ir^age regi^i^ion control whiLh incii|des, among other things: 

a. providing a reference area on a print medium Jisuch eb paper, with referertce dimensions, positions and 
orfentaHon. respectively of X, and Y, arid y, anra $\ 

b. printing a colctr Image fn this reference area; -| - • 

c. fusing the color image imo the print mediuria to thereby Introduce a dimensional change in one or 
moVe of the original X, Y, y, and & referenc^ dimensions posIUons and onentation to obtain one or 



more new dimensions posrfions, and orientation ipf X*, V*, x*. y', and 0 

d, ih^a^ring any chlarrges behVden -the originallbc, Y, )t y, and a values and the new X*, Y', x'. y 
values to #iereby in turn generate corre^pondingEX'. Y*'; 

e. processing the X^, Y*. x', y', and 9' enror sianate i^i 



and d' 

X', y\ and 9* error signals; and 
a closed loop feedback arrangement in such a 



manner as to write th© next succeeding latentjcotorijimage on a photocondUdive drum with the new 
dimensions X*. and Y", the new positicin x* and,By* and the new orientation fi*. This color Image is tfien 
transfenred from the dmm to the paper in negr-per^sfet registration with the previously formed color 
irtiage. I| ,!i 

The present invention is also directed to a noyfil apparatus which includes mean's for providing each of 
the above steps a. through e., anil this apparatus Bs mor? particularly di&fined in the means-plus-function 
closed loop system combination tor bd described and in the claims appended hereto- 

Another object of this Invention is to pHibyidefaifiew an J improved feedback control system and method 
of the type described which may b© cspnetructep arid Implemented using reliable and commercially 
available off-the-shelf electronic components anbl connl| cted as shown in the preferred embodiments 
Illustrated in the accompanying drg(wings. ' * 11 v 

Anotber object of this Invention is to provide' s^ffiaw ard imfxoved feedback control System of the type 
described which is relatively economical In constru'ctlon.: friable in operation, and readily adaptable tor use 
with a variety of diverso-type multiple pass etedropiSoto^ajphic color printers, 

A unique feature of this inveritio'n its the proj^felon *6fi^a n'oviel means and metiiod for controlling the 
superposition of successively printed images usffig ,a lajSjer beam in a laser color printer wherein a first 
fn\agB is printed on a sheet of pkperj. and, then fi&ed i^o the paper In preparation for the printing of a 
second imsage thereon: The video frejquenoy an^ scan j [speed . 'of tiw laser beam may be varied in a 
controlted manner to provide image coinpicJence! betwjean these firet and second images, as well as 
additional single color images printed in'isuccesslo^j h^rep i; ■ 

Another feature of this inventoji is |the'iprovlsio|ioiitfTlei additional control and variation of the rotational 



vetocity of a photoconducbv© drumC wittiin jtt>e lase{jpVirtterLf 
with the above control of laser be^am scan speedjF""" 
the^e thfee par^eters imparts good overalf flex^] 
teachings of this invention, 

Another feature of this invention isj!thbi provfsiei 
order to adjust tor con^sponding changes in orjji 
superlmpwosed upon one another. i 

Another feature of this inventloii Is the IfNTOvIsti 
Is sent to a laser control unit to adjilst for Qnear sijkifti 
one another. 

The above and other objects, featbrists, 
apparent in the foltowing descriptiora of ijfie 



and th^ utilization of such control In combination 
Id wpleo frGpquer>cy. The ability to separately control 
imago•on^mag9 control in accondance vwth the 

Iadius;ifnent of the axis of the laser scanner in 
angular shift 9' of the successive Images 

controKlhg the timing in which video data 
y^) of the Successive color superimposed upon 

■this invention will become more readily 
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BriDf Description of the Dryings 



Figure 1 is a schematic diagram of aft electroph'^tographic printing apparatus useful for printing a series 
of multiple color images on a print mediurn and of the type where the above problems of paper shrinkage 
and misalignment may dd>^6lop. l| 

Figures ^ and 2B are diagrams which iirustratejj^condition showing the deteaion of paper shrinkage in 
only the X (paff^r width) mid Y (paper mcition) direction and midragistration it) tr>e x position. 

Figures- 3A and 3B are diagrams which Illustrate ||3:Jcor;drtion showing the deiectlon of paper shrinkage in 
the X, and Y directions as well as misregistriatioh in tine x and y positions and e orientation. 

Figure 4 is a functional block diaigram of the Irljlage pofiition oomrol system and method according to 
the present invention. . • '\, M | 

Figure 5 Is a functional block diag^anfji' dt a p|BYerred tjsyslferri. embodinnent of the invention when 
employing laser printing. This system IS operativ^| to transfer multiple single color images In precise 
alignment trom d rotating photoconducDve drum, to a|||adjacent transfer medium. 

Figures 6A and 6B are diagrams which J1lusti^ate|jihe cakAjlation of the correcdohs required in the video 
rate, laser beam scan spe^. rotational ^Ipclty of |me photolbonductor, the timing of the send video data 
signal and the angular change, 0' frOm th'e various diameters identified in Rgures 2A aiid 2B and SA and 
as above. ; .j i i {'! ■ |, 

Rgure 7 id ^ abbreviated diagram e|how1r)^ hov|:the hinge angte|d of a laser scanner can be varied to 
adjust lot changes In image orientation arigle '^'Mn thajlsuccossivoly printed images- 

Rgure a is a schematic diagram of a color cop'^ j implenientatlon which may be used to adjust for X". 
Y', and x', y\ and errors in paper processed in a qStar oopieSr or like Image processing apparatus- 

Detailed Descn'ption Of the Preferred Embodinf>ent 

■■ ^ 

Refern*ng now to Rgufe 1 , there is shown an ete|titrophot(|'grap»hic. color printer designated generally as 
I'O and includes, for example, a muftipla IrMl'or 'fcaroi)^ 12 having a plurality of primary color development 
units 14. 16. 18. and 20 therein; The cyin. i]rn&gOntaiblack,' alrtd /eitofw primary color units 14, 18, 16, and 
20, respectively* may for- example Include ioilers 23 24, 26(,|iand 28, respectively, used for applying the 
different colored toners indicate to the stiirf^ of a Ihotoconiiructivo drum 30. The different colored images 
of cyan, magenta, yellow, land black are cjjsvl&ldiiied EijteequenclB on thef surface of tho photoconductiv© drum 
30 by the writing thereon ^k^ith a lasei)besUjn 32 whlcti S prajet^bd fromi a laser source 33 as is well known in 
the art The p&per 34 passes horizontaJBr fi^orrji rfghito teft li'atweenlthe photoconduclTve drum 30 and a 
transfer nollor 35 in the f omnation of each' iucieBsiVe bbfor imslge, 

For a further descripUon of the color (|nssge ;deve Ifentent ^d tranf^er process which takos place on the 




I M ^ic^jon 
atidn ^rl'aJ 



surface of the photoconductiva drtttn 
commonly as3i9r>ed co-pending applical 
references crtdd therein. . [ I 

After each ^ep^aio color imag'e 'is onj 
transfer!^ to a print medium such a^ thip i^sipit 3^1 
means of heat and pressure applied by 4ss^ eli 
36 and 3d. are m direct c<intact with the dapBr;,34tri 
each successive image Is fused or fixed into the 
continues to traverse tho path Indicated jiy tfiefarro-- 
44 arxj back to direct contact with the phbtdtbonjduc 
contact wfth the next adjacent developerj (unit' i6 in 
color ton'er of magenta, for example, by tne fetation 
tlve drum 30. It will b© understood, jof o6iiraeJ|lhat 
dischargjhg, cleaning and charging processes; lifter 
and the transfer of these ftoners to life pnnt|nedit!ij 
the above identified co^ndlng appliCafidn c^oils. ' 

As described in mor^ det&l below, {thsj 
shrinkage arKi mIsaJIgnmont of a pr^eftGled | print 
and Y directions and in the x, y, and 9 
55 original and -preferred direction of pa' 



:farir^[|madia 34, referono© may be made to the 
j515,»46|af G. S; Chan ot al. Identified above or to the 



ie' pHofpcohductfVe drum 30 and then sutisoquently 
&ach image |ls fused or "fixed" into tho paper 34 by' 
iric icated by tho rollers- 36 and 3'^. These rollers 
llr>g ini the direction indicated by the arrow 40. After 
ler 34 itfy trie fuser elements 36 and 38. the paper 
;and* ithenj passes through a paper position sensor 
, drurti 30. Tliej drum 30 has now tjeen brought into 
carouijbl 12 and is now ready for application of the 
Ithe roller 24|; against tho surface of the photoconduc- 
9 photoconductive drum must undergo conventional 
appjlcation ofjeach different color of toner thereto 
iThjBS|B processes are described tn more derail In 



r*^4 i ■ ! 



: recei 



opisrativB to sense a varfatlon in 

tng the superimposed color images' in the X 
fbed as follows. The Y direction means the 
as iha verticaf dimension, the X 



^'isial^Ojllrefe'n'eii to 



direction means the direction of paper wifaiEhiRejfpep^^ tiiifc Y direction aiid this is referred to as the 



■di^iate pofiTtions of the left hand comer of the paper, 
Y dlrecdon. i 



horizontal dimension, the x and y positior^ a^;the, 
and e is the angle of skew of the paper with res'pjept 



m 
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Referring now to Figur© 2A, there is 3iow)ri ^ referencje ^jage or area of print 46 having its original width 
and tength dimensions :and outer boundBry>|.3urrounciing lan IntoHor shrunken page identified by the dotted 

of t^^ijllstininCcen page j43 ahd its xjand y upper left hand position 
|™ amoLmt jsijfbwn so as to define a left hand margin dimension 
•rh^gin rmeasured horizontally as shown in Figure 

of jt^B sHni'nlcen page 4&, so the value for the angle e is indicated 



TO 



10 



line 48. The X and Y dlmerisions 
coordinates have been moved inwardly 
in the X directionp or Xl, and a ri^ht hi 
2A. In this figure, there has been no ske^ 

A pair Of Optical sensors 50 and S28Hrd; positioned as Ishown on fhe<lefl and right hand sides of the 
shfeet A8 passing adjacent thereto. Thesj^lsidnsDrs l5Dj andE 52 are operative to generate the Xl and 
voltage outputs as Indicated In Figure 2B|b!>e^innlr>^ jat 'the 1im& t = O when the page 48 padsas underneath 
or otherwise ^j'acent to the two sensors gb|^ 52. ^Stnic^ m& left hand corner of the page 48 is sensed by 

to tte actn^e sensing area of the sensor 52, the two different 
^nferatedj; 



a different area of the s'ansor 50 as oomp 
voltage characteristics X|. and X^i will be 



ir^jpated in. Figure for the time that any portion of 
Thusi the<;outl>ut voltage signals shown In Rgure 2B may be 
4^,iancl 5 below to esdure that the next-printed image 



un Figures 
|ure2AL 

71 



siate 1 




the page 48 is beneath the sensorjs SO ai|L. 
processed in the closed loop systems shown' 
Is In fact rined up with the dott^ Ifne 4B or| 

Keferring now to Figures 3A and 3^||&ii^se figu|r0's| lllusErate a condition where the page 48 has been 
skewed at an angle o with respect to hoi 
the two sensors 50 andi 52 therein! the lii 
generate the Xl ahd Xr output volfage 
variation of these signals In RguijS 3B 
S0nse field of view of the two sensor^ 50| 
use'd in a rnannar de$c^It>ed beldw to pi 
as well as the dimensions X and vjand 

Referring now to Hgurs 4, there Is sl 
funcb'onal terrns the f^'adt)9ck error coi 
invention. As indicated in Figure 4. the 
54 to in turn generate Xl and Yh signi 
comparator stage 56 information on the 
and Yr information at tfte output o1 the 
error signals X*. Y'. x\ y\ and e: appQi 
connerted to an imago position/alignmBi 
correction signals to the next imnaSge prii 
below. 

Refemng now to Figure S, tWe pai 
direction, position and orientation informi 
way of a video rate control output fine 68 
formatter stage 70 in turn stands b«K!k vidi 
The DO controller 64 is further conm 
photoconductiv© drum 74 of a laser pdntL 
which is controlled by ^ clock £teg^ 78, a] 
is further connected by 'way of an output 
adjust the motor angle In stage B8 and 
controller 64 is further 'connected ito a li 
source 94, such as a solid state [diode, 
Indicatsd at the path shown to a pblygon 
1 00 to impinge on the surface of the ' 
A laser scanner motor 102 is <^nni 
Us Output from tha DC controller 64). In adi 
delect circuitry lOa is connected to. prtjvi< 
described. 



Eal. Tllbrefore^ When ]lhe pcigej 48 In Rgure 3A passes beneath 
^^^ari^|6n in ejctrve sensing sUi^face area of the two sensors will 
acteristtps |oi| signals^ illustrated in Figure 3B. The linear time 

sjarea^of f|apar'46 per unit of time entering th»e optical 

' signals in Rgure 3B can be 

I $ as defined in Figure 3A. 

||a Qwieral fmcitlonal block diagram which describes in btoad 
techniqu^ apd approach jn accordance with the present 
mspjp '5(]^.|Iand 52 jWitl sensb the petition of the print rriQdIa 
lire appff^ho the input of a comparator stage 56. In the 
/rarTe'6t|'|positlOn^iand sizq is compared with the actual X^ 
. 52, alnd thle Comparator 56 in turn generates output 
- FM|pc|i$s6r! 60. The signal processor GO is in turn 
;ti^g,e 62 which serves to provide paper orientation 
^^"^m^dia 54 as whi b^ desc^bed In further detail 




arirtrn 



In operation, the paper sensors! 50 aim 
Figures 2A and 2B anil In Figurel 3A. 
generates the muWpIo X, Y> e, x,|y 'erj 
stages in FigUre 5 kfehirfied above.|The i 
is s&nt to tw formatter btiage 70 by|way 
to the formatter stage 70 in the form of 
operate and to adjust the laser seiner 



, 5Q |aij|d |2 aire conne|ct^ to provide the X|. and Xr 
aiipc Cpfttroner 6;*. the OC controller 64 is connected by 
.^ra cafei^ olutpot line 68 to a formatter stage 70. The 
ta|by^Way|<|i^ jatum line 72 jo the DC controller 64. 
in th&[ rn^||i6r| shoyh in Hgure 6 to control the speed of a 

^1 ^"iTT^*''^'^®! '® driven by a stepper motor 76 

icj||clivj|d^i£|) andl a power driver 82. Tha DC controller 64 
Itol^ stepjptpr jnatori drive urirt 86. The unit 86 is operative to 
y prtlted to the llaser scanner unit 90. The DC 
92|whichils operativ© for pulsing a laser beam 
Gturce;. i&j focused to project tha laser beam 96 
^ofn'lyhibh it'lts scanhed arid i^eflected through a lens 

m- ti ■ i 

^jabrvorcontroller stage 104 which also receives 
\fi i iri-^F^f^ sensoHlOe and assodatod laser beam 
; cwradfc Dp cdntroDer 64 In a manner to bo further 
/[|;| iii'l ... |:| ; ! 

-.__iiv '-^j ij^Q Voltage signal information defined in 
, I a||bc;;cDritrolIer 64, and the DC controller 64 
d|is )leciively transmits the^e signals to the various 
i /^position Information (as a function of time) 
t| lirtei €6, Thej X and Y signals are sent either 
ita;! or to the servo-controller stage 104 to 
!,or|both'.;SThap:ver6cal V signal data indicative of page 



mi 
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ipedd is seht via the DC controller $4 tb freij^Sricy clivfder stag© 80 in6 is operative to chanjg© the 
spe^d ot the steppe*- motor 76 and thus change Jhejibtafcnal velocity of (he photoconductlve drum 74, 

Referring now to Rgiires 6A and 6B, Rgure eX'ljSyiws the Xi, and Xr distances to the left and right hand 
upper comers of a sheet of paper 110 wtuch h^jpsen skewed to sm'alJ ^gle 0. 
passes beneath the left hand and right harid sen--^' 
Rgure 6B af'd generated. It is seen in Rgiires 6A 



divided by time is related to the tan^nt of &, irt ac( 

i .* 

t • Rate + (Xr - Xl) = tan d {- fl (for small ^les 

! i ' 

The papier width dimension X is defined as P^r 
cafcutated by assumfng that the change in ; paper 
paper length. Alternatively, the length of the pap 

relation. 




IS 



25 



30 



Y = r length * paper feed rate cos e 



The 



The X variatjie Is equal to Xl. 
determines y and starts the timing process. || 

Referring now to Rgure 7, the schematfc;dlagril 
scanner 118 may be varied by the |op8rHfion:]of a" 
laser scanner 116 will typically IndUde a housing t 
to a support member 126. The )asa( scanner) lie' 
opb'cs 130 for deflecting the laser llg^t thmii^h. a ti 
the position of the cam IftS by the use of the!ste| 
changed to compensate for changes from d ro is' inj 



Thus, when the sheet 
50 and 52. the Xl and Xr voltage characteristics of 
|I6B t[iat the paper feed ratb. or paper travel distance 
expression: 



le l^ith the following 

f 



V cHh is ^proportional to a 
iirnay be measured in ' 



and the length of the paper Y may be 
constant times the change In 
acconjance with the following 



^ I '.r |J| ' 2* 

y variable is m ^ys equal (y = y'>. since the position of the sensor 



A specific example of a typical error Gbrr6cl(6n;Epce5&-ts as fonowe: 



fj jr) .th^ figure shows how the hinge angle d of a laser 
(jrh: 11'B which is driven] by a stepper motor 120, The 
Wl^ichjls secured by means of a spring 124 or the like 
l^picaliy Include a &s\^co of laser light 1 26, pbtygon 
32 ajjd onto the print medium 134. Thus, by varying 
j iTfotoir 120, the laser scanner plane angle 0 may be 
jmts^entation of the pVeviQusly printed Imagje, 



ja:nd . 



Assume that the output 6i the detectors 50 j: 
foilowfng is one scerwlo for the corra:tions' flrhich j 
paper dimension and position. (AssJime tha^iifhe/ 
respect to Figure 6A> 

9 - Corractlon 



95 Change scanner plane angle to 9' 



Width Correction 



Change video rate by the i ratio of 



Length Correction 



Change paper drive motor speed by 



55 Leading Edge Position 

Delay first send data Si'gnal timing by ' 



I ratio 
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|t be made In ofder to compensate for the changes In 
iner shown in Figure 7 hinges on the left side with 

1. i. 
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75 



2Q 



2S 



35 



48 



BO 



I i 



3 sieconds 



Lefl Edge Position 



TO 



De^dy each send daik signal timing- by) 



I i 



where the scanning rate is the rate at^whic|| 
distance divided by time. | 

However* other combinations of the prd 
rate, send video data signeil and tte scannr 
proper registration. I '! $ 

Thus, the DC cohtroiler 64 potfohrie afl 
and then wlil take this ,ir»fomimion| such i 
chanaihfl the speed of the photoc'onciJctoh 
shrinkage chahges in Hie Y dlr^fct^nf is by 
the DC controller 64 sends out a \nbitage to 



1 

t» 0 4691282 A2 



pro 



som 



ig rate 



glial 



of the faser scanner motor 102, A faedbacK ' _ 
molor 102 ensure that the laser scanner mci9r''1di 
proper spae'd, the DC controller si wijl op 
oparafca at the correct stDeed and cor^isponi 
loop operation will thereby serve tojcdrract J 5 

Nomr>ally, the formatter stage 7D will eei ajjout 
and this video rate control datSi 66 Will aD 
chosen video rate- This; operation Aitl i&rve 
video rdte and keep everything el 
Again, for shrinkage we have these 'above 
parameters may be used. They ard fi(a&ielyj 
line 72, the stepper motor speed ci theS 
74, and the speed of the polygon nirrpK aa! 

Refening now to Rgure 8. thdrel Is srt 
copfer operates in the foliOwirtg majinw-J. 
which moves the document over a ?ighi 
path 14^ through the le^is system (whj 
r^pfiects off the mirrors 144 and 13"e| dhd is " 
imaged on the photocondutitor, thelproicedii 
Figure 1 and explained above. \ '\ || 

The color copier embodiment ulos jfHo 
riew Image and sizing H properly o^ the, 
images. The mechanism of the shff 
face 135 of the mifror 136 can be c 
posruon X. Secondly, the correction 
conventional copier enlarges and r» 
be compensated for by changes in 
ernbodiment described above. Rnall^J 
the top moving platformi which contailns ftie 
Various modlflcatipris may be rrMejjn 
the spfrrt and scope of this inveritiorTFcn:! el 
sensors or discreet seinsors such \&k 
embodiments, in add-on. the pap 
and claimed herein may bo applied 1 



1 .11 i . 
I IS son 

hangedjj 

''''itho'i 
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jthe i^H beam sweeps .acro^ the photoconductor in units of 

ntifled variables pf scanner spe^d, motor speed, video 
^le shown -In Figure 7] can also be used to provide the 

jcul^tions tb determihe the valdes of y, X, Y, and & 
data I make;' adjustments for paper shrinkage by 
\k cdnti-blilng paper 3p&&6. Another way to adjust for 
,| (the lasiarlscan^elr frisquency, and ihis is done when 
pontroller stage' 104 li^hich in turn controls the speed 
' piled to ftre DC controlier 64 fnom the laser scanner 
inrj irfg iait jthe p(roper,^spe©d. If it Is not rtjnning at the 
jease-that voltage and correct the scanner to again 
btitputi\^ltago fh>m.ti|ie DC controller 64. This closed 
'f siiririkage in both the X and Y directions, 
data on the Video data line 72 at a given frequency, 
,jconti^ll&r ©4 fo inpdut to the formatter some other 
lite pie printed imag^- Therefore, If you increase the 
intBd image wi'U be Compressed in the X direction. 
ictip'nsftO|iTriakd andleCny combination of the above 
^ejco^tfpl whrch di^rrrilneis the video data rate oh 
idatenihines tKe speed of the photoconductlve drum 

f li i'l ■ ! '.j 

rnbodlmeni of the present fnverttibn. The 
^•tOilitMrcapi^d Is ptaded upon a moving platfonn 136 
1^ Ijght iis TBflBcted b]jf' the document and follows the 
adjusted I to ehlargej or reduce the document) and 
,i.;0^|*^e|' photoconductor 14$, Once the document is 
IpP Islthe .^me a& for the printer shown In 

" J 4-. I i 

of ^i|ghrhg the various color planes by shifting the 

pP tojmiatbli the position of the previously developed 
M|n the tijpia^ ©mriodimenL First, tfie plane of the 
aj c?rr^sipor*^ in the angle (theta) and the 

ItH |l I'^P® opllcs lrt the same way that a 

Wjelljkriown Inj the* art. The Y shrinkage can further 
' phpioMnductor . as in the case of the primer 
' ' 'or. by belaying or advancing the motion of 

described embcSaiments without departing from 
IS typ^sjofipaper ptkition sensors such as sJi^type 
' t{|^c<*? mayl be; in the above described 
enp andicompiens^on control methods disclosed 
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16 



26 



95 



40 



I 

EP0 4 



Although the system and method dsscribed ai 
this mathod and dydtem described ancj daim&cl| 
reference marks on the p'apev. either on |th*»| printat 
marks rrvay be formed In either toner or ihlc ajjir' 
reglstr^lon nrwrks can have the advanlsjge of 
shrinkage. However, they would be uded in U 
proCd$$dd, except that the ahriiikage toward the 
near the edge of the paper. Thus, irrte|jior ;reterei 
system to better compensate for local sh^'nl^e, 

It is Also within the scdpe of the present inve'i 
That Is to say, the present Invention ca'n be lisS 
page, and this may bie desirable, for eicarripte. ' 
sysfiams will also be usetui In the case Ijof hnuitii 
distance before reaching the photocondubtior andj 
shift from ^ on^^ihal correct po;sition and||oridritatic| 

Accordingly^ such above design modrfid^'onl^!| 
clajrtis. t 



Claims 



1. 



A method for controlling the allg(nmi 
includes the steps of: I |i> 

a. printing (54) a fir-st fmage oln a ^h^t of 

b. fusing (36. 36) saJd ffr^ image|| into ^ 
expansion of sard Sheet of psipeir ahdj'a shi; 
print area thereon' with respect t& aj-pi 
area. f | j! 

c. comparing (56) the positlo|h arjpj lo|i 

reference print area for thereby gene^lrig ' 

contraction of said; fused print! areal< with res 
J It Ji I 
%r mcK^ enw 

tuQ ri;hysica]ly 



d. processing (60)' said ohe di 



printed single color image to 
imaga 



ThB method defined In Claim 
Gfeneratirig (62) an inyage position COfiTlSCfafltfl ^{ 
precisGjy align successively printed. irfcfiieies on 



or2W 



II ■ it • I 
wher^ial" 



The process defined in Qairins 1 . 

a. providing a photoconduclive dctin^l 
Images to said paper. ' || ; || | 

b. driving (BO. 82, 76) said photocdn^ubtiv6| 

c. generating (94) an image vJritinA i lafeor 'b|i 

d. varying one or more of sau P£^f;ame 
beam wrWng treqiiency, soncf data jslgrial| | 
the si2e» position a^nd orteritation ol|iQa5v 1 

I :rt' 

A method for precisely aligning tmag&s.'OT'd. 
photoconductivo drum (30, 76) [and |tT'a|Tsfer 
receiving member (40), which coippri4eis;'iiiie||- 

a. comparing (56)' a shift In 
predetermined reference area 

b, utilizing said one or more 
scan r&te (102). li^ht beam vi 
76) rotation velocity (80. 82. 7f 
ductive drum at a position anc 
matched In coincidence with 



si^'aJs 



2!B2A2 



hto It5 dimensions referenced to the edge of a page, 
rein |fma^ be Used by reading registration or other 
|ths paper or on the reverse side thereof. These 
ly . visible or invisible to the nakisd eye. These 
forifaicqustment of local shrinkage as well ad global 
me ■ '^ajr as the above paper edge information is 
ter oi'slthe paper may be different than the shrinkage 
or ailgnmanf marks can be employed to alldw fhe 

11 ^ 

to' use single pass as Well as mUlOple pai$s systems, 
asstji're! [the ^xadt registration of print on any single 

forms. Single pass 
must travel a long 
more travel distance ovbr which to skew or 



cai^,;of printing on preprinted 
jt! |)in j^rintar^ where the papej 



within th6 scope of the 



Bt of 



following appended 



IsuccessB/ely printed on a sheet of print media which 



I 



jucir 



p^^r j^d thereby pnDducfng a contraction or 
sltlon 6r orientation or bothj of a predetermined 
Slie^lpcsitibn arxl orientatTon pf a reference print 
I I 
^ ^i,^Jnt! area with the position and size of said 

f' e «rrofr signals indicative |of the expansion or 
rpferehce (xlnt area, and ' 
irtpjsijbh a|,manner as to cause each successively 
i:'£n'\sald print media vvith eadh preceding printed 



Of said one or more er or signals includes 
ahdbizing'Wd irri^e position correction signal to 
int "' 



inc 




Stion 
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[the isteps Of:' 

ig arid transfem'ng a series of single color 

i:!! 

a coritrolied rtjtatlonal vekxiity, 
- coritrolled scan speed |(96) and frequency. 

^tibri jveloctty. laser bearh scan speed, laser 
<9rjS6anner phase ^gle to thereby control 
lyi prihted on said p'aper. 

Hji 

ritten by a light beam (96) impinging on a 
phbtoconductive drum (30) to an image 

^jigi flijst transferred image with respect to a 
\& iBrate one or more error signals, and 
Mas or j more of the parameters of light beam 
fj^squency, or the photoconducttve drum (30. 
id| I Succsesive color image on said phctocon- 
™ sald^jlmage to be precisefy transferred and 
of; e^ch color image previously transferred 
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$0 



40 



45 9. 



90 



5^ 



to imaga receiving transfei- m«mb€ir.| 



An ^paralus for dontrolltng the aJ 
which compris&s: 



ignment of imagas successively printed on a sheet (44> of print media 



i 



9.. m99ns (^4) for printing a fir'sjt imag« on a sheet pt paper, 

b. means (36, 38) for fusing [sald;^ image ^nlo said sheet of paper and thereby producing a 
contraction or lexpanslon o« said ^ofet of paper and a shift in the position with reispect to a 
predefinod sizo. poeitioil and o^'erit^tion of a reference iprint area, 

c. means (56) fbr comparing t»JO pci$ltron and dizej^of staid fused ptltit area with the position and size 
of said refSrenbe print area 'jpr ^larteby generating jone Or more en-or signals indicative of this 
expansion or contraction of said fus^d pn*nt areajv^th respect to said referance print area, and 

d. means (60) connected to ^d cb^^rlng me'ar^ forj processing said one or more error signals as 
to cause each- successively pr|™tedi single colorEirnag^ to b© physically aligned on said print madia 
with each preceding printed Image. ' ' ' * 

i 



cohnolctod to eajd:ge'nercitfng[rtie{ 
align successivaJy 'printed Imag^i? 



The apparatus defined in Clai'm 5 whreiisin said m^ils (56) for processing of said one or more error 
signais includes rfleans (82) for.' gerieratihg an Jmlage, position correction signal and means (54) 

(62) for utilizing leaid image posltfon correction signal to precisely 
on afprirttmedia.| f ! • 



W ■ 

The apjDaratus defined in ciajyis 5||ar 6 [further incrucJitjig; i > { 

a. means for pfoviding a i5hot<:«Jo'n:iiu(StivB drum|(3p. 76) for developing and transferring a series of 
single color images to said paper, ''\\\\ , | 1^ ' 

b, means (80, 82. 76) coapledko ^d drum &olid) 1 
at a controlled rotatitfnal velocity, ^ i -I . | K 

m^ans (94, 96) for generatirjlg arj!|image wrf^rigJlaser beam (96) at a controlled scan speed and 



) for driving said photoconductive drum (30, 76) 



friBquency, and 
d. means for varying one or 
twam scan spewed (104, 102, 
and laser scanner tift angle (I 
successively printed On saib 



□roji^f said parai^etBrs of |drum rotation velocfty (60, 82, 76), laser 
B), ^er beam vyjiting frequency (92). send data signal timing (64), 
I ttiffttiereby dontro]l|J the size, position and orientation of each image 



ml n 

igning images-Of diff^nbc 



I 



An apparatus for preci^ly aiighingt imaGje'StO^ diff^ri&colofS' Writtei^ l:»y a light beam (96j Impinging on 
a photoconductiv© drum (30, 76) a|id tf^eired fn^ibald photoconductive dmm to an image receiving 
mem tfl&r (44), said apparatus com priaSri^'. | , ;j | !i ; 

a, means (56) fbr comparlrjg a |hifttiiji; aligritn^tior^p'ositio^i Of a fir^t transferred image with respect 
to a predetemiirtecl reference aifea ot 'boundary fj|therebVi generate one or more error signals, and 

b. means (60. 62) connected tDjjsaid|'*imtJaring meW utilizing said on© or more error signais to 
control one or more of th^ .paj|a4r(i«&rt ojf light liaam ;scan rate, light beam video scan or wrfting 
frequency, or the photoconducflve idmm ' iptatidy^ thereby develop each successive color 
imago on said photoconductive kirij'nci[(&),j 76) kt!^ poslferTjand alignment that will cause said irha^ 
to bo precisely ^nsferred Ijnfiitdfed in colndcl^^ice ^Jth tho position and alignment of each color 



irhago prevlcusly transferred to imao^l^eN'ir^'traiM (44), 

|[ ti'^. . I •! It - _ jl; ; ! ( 



A method for controlling the BJtgnme 
comprises the steps of: '| -vjjj; : i 

a. providing a reference aLa djt\ print inedl'u] 
positions and orientation, r aspepvalj! of ;X m 
original and preferred dlrectif^ "" 
perpendicular tfte Y direction, 



paper, and $ is the skew an ;le 6f th^|&s;per .w\ttji\ . 

b. printing a colOr Imago (5^) in saidilF^erenco! ari 
b- printing a color image (54)' In saldl|r^r©nceia 

c. fusing (36, 38) the color Jm^ej|rtfe !h}& pni 
change in on© or rhore of the prtflrnal paid x\ 
orientation to obtain one or |more- 6r^-'^'"-^^--'- 
e\ 

d. manuring ahy cfianges |[56) 



ntiojf color inja 



|e|;6UCce3sivBly printed on papier Or the like which 

gW).!fsuch as papfer, with reference dimensions, 
.^^1 , - ^ |,;ar« jx;" y, and e, wherein Y is defined as the 
\^^^°^ as the direction of paper width 
ahdj|!/;d^nej|th8 |pardinaJio positions of one comer of a shteet of 



tdimansioh'i 



PA6E16/25*RCVDAT1015/2fl077:00:03PM [Eastern DaylightTme]«SVR:USPTO-EFX^^^^^ 



( the Y direction, 

•| 

adiuiri =(44) to thereby introduce a dimensional 
jjcj yji^aid 9 reference dimenaons positions and 
-^sition^J and orientation of said X", Y". x', y', and 

Y, X, y. and 0 values aryj the new said 
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X", v. X*. y\ and values to tHerebvfJ^n tuirn fi©ni3i^6..coiT©sppnding said X', V, x", y', and error 
signals, and 

e. processing (60. 62) said X". V, x\ jS'j and efft 



J6 



2S 



^6 



■*5 



in such a manner as to write (54) the| [fipxt suoceeV 
with the new dimensions X*, and Y', th new posi 

10- An appfaratus for cOiitroJIing th©. aiignm^jt of color 
which cQmpris9$: 

a. means for providing a refererii 
dimensions, positions and orientation; 
as the onginai and prererrdd dirdct* 
perpendicular the Y direction, x and 
paper, and 6 Is the'skew angle of thej^Mper with 

b. means (54) for pVinting a color imag in said r^f 
c- me^ns (38, 3S) for fusirfg the ;c j pr ilmagi 
dimehsional change in one Or mOr^ ^ the. ori 
positions and ofientation to obtain on^|cir more ni 
X\ x\ y% and 0\ 

d. means (56) for measuring any char^ 




new saW X*, Y', x\ y\ and e' values topjw&reby infrif^rt; 

error signals, and !i 
e- means (60» 02) Connected h said ri 
8»gnab In a closed Foop feedback ajr^; 
latent color image on a photocondu""" 
x" and y* and the new orientation 6'. 



il 

urjing i 
gemlent i 
drum wit 



! 'ill 



'ill' 



I 



1 



i^nal^ in a dos^d lo'op feedback arrangement 
latent color Image on a photoconductive drum 
' •and y' and the new orientation 9\ 

! =■ 

iQiges successively printed on pajper or the like 

!: i- 

r)nt medium, such as p^per. with reference 
ar^ Y. and y, y. and fl» wherein Y Is defined 
s defined as the direction or paper width 
irdtnate positions of one comer of a sheet of 
«btto 
irce area, 



reference dimensions, positions, and orientation 



i6 oriOmal said X, Y, y< and e values and the 
^n^rate Corre^poHding said X', Y*. x', y', and 

tor|pjroce9aing said X*. Y'. x\ y\ and o' en-br 
manner as, to write the next succeeding 
^: newj' dimensions X*. and Y*. the new position 
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, print medium to thereby introduce a 
X Y, X. y.' and e reference dimensions 
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